region contains 95% of the clonogenic keratinocytes
Introduction from the upper portion of a vibrissal follicle after amputation of the follicle's lower third (Oliver, 1966) . In the Skin appendages develop during fetal life following a pelage follicle of the mouse, The cells located in the bulge region of the ORS can thus migrate to any part of the follicle. This is specific of bulge cells as it was not observed in follicles transplanted with hair bulbs (n ϭ 12) or with glabrous epidermis of the footpad (n ϭ 12). In the latter follicles, the ␤-galactosidase-positive cells remained localized within the transplanted area (data not shown). cells were arranged in lobular glands whose ducts opened in the hair canal. This is typical of sebaceous glands ( Figure 3G 
Generation of Hair Follicle Lineages, Sebaceous Glands, and Epidermis

Morphogenesis of Hair Follicles
Individual bulge regions (n ϭ 17) were obtained from adult Rosa 26 vibrissal follicles and implanted in utero onto the back skin of E14.5-E16.5 mouse embryos. Once the pups were born, the regions containing the implants were localized by the presence of charcoal and transferred onto the back of adult athymic mice ( Figure  4A ). This was necessary because the implants, if left in place on the pups, were lost, probably from graft rejection. Within days, the implanted bulge regions rearranged with the formation of cell down growths ( Figure  4B) . After a few days, they had considerably flattened and their original shape could not be recognized. An epidermis with developing hair germs then formed (Figure 4C ). These germs were identical to those observed during hair follicle development. Mature follicles, to which sebaceous glands were annexed, later formed ( Figure 4D ). Multiple ␤-galactosidase-positive hair follicles were frequently observed, and up to 15 follicles hair forms. Simultaneously, the follicular papilla dramatiWhisker growth during anagen (growth phase) results cally decreases in size and the follicle shortens. This from the proliferation and the differentiation of matrix phase is then followed by a resting phase (telogen) durcells generated by precursor cells originating from the ing which the follicle remains quiescent. A new anagen bulge region. As the hair bulb undergoes extensive reorphase is then initiated and hair growth resumes. Howganization during catagen (regression phase), a new ever, the existing nomenclature cannot accurately acpopulation of precursor cells must rejoin the root of commodate the differences in the cycle of vibrissal follithe follicle to reinitiate a growth phase. Therefore, we cles as they progress rapidly through the hair cycle. studied the influence of the hair cycle on the distribution Therefore, we evaluated the progression of the hair cycle of proliferative cells to further document the role of the in vibrissal follicles by obtaining mystacial follicles occupying positions a3 and a4 from rats of various ages bulge in whisker renewal. Figure 5B, 6 ). As the new anagen phase progressed, the size of the follicular papilla increased rapidly and a when the follicle was in anagen ( Figures 5D and 5E , panel 1), but very few were detected in the portion of thin whisker was soon identified opposite the club hair ( Figure 5B, 7) . The tip of the new whisker reached the the follicle connecting the hair bulb to the bulge region. After hair growth had ceased, a small number of BrdUneck of the follicle before the club hair had reached its final position. The old whisker persisted for up to four positive cells were detected at the lower end of the follicle. They were mostly located in the outer root weeks before being shed ( Figure 5B, 8) . Thus, the hair cycle status of living microdissected follicles could be sheath, adjacent to the shrunken follicular papilla ( Figure  5E , panels 2 and 3). More BrdU-labeled cells were dereliably determined using a binocular microscope. These experiments confirm that the various phases of the hair tected in the outer root sheath of the lower end of the Hair cycle stages were determined as described in ) and should be orderly sorted from the bulge region before they migrate to their final destination. Consequently, sebaceous glands and epidermis should not form when the lower portions of cycling follicles are implanted in embryos. The fact that it is not the case strongly indicates that the implanted lower fragments contained multipotent stem cells that have migrated from the bulge. Therefore, it reinforces the hypothesis that committed progenitors are generated from stem cells solely in defined places, i.e., above the bulge region for sebaceous and epidermal progenitors and in the hair bulb for matrix progenitors (Figures 8A and 8B) . 
Multipotent Stem Cells Reside in a Niche
Experimental Procedures Histology Animals
Dissected follicles were fixed in 3.7% formaldehyde in phosphate Mice and rats were maintained and operated according to French buffered saline (PBS), or in Bouin's solution. They were embedded government guidelines. Fisher 344 (inbred) rats were obtained from in paraffin and 7 m-thick longitudinal sections were cut and stained the Curie Institute animal facility or from Iffa Credo (France). Wildwith Meyer's hematoxylin. Alternatively, the dissected follicles were type OF1 (inbred), B6/D2F1/JIco (inbred) mice, and athymic (Swisssnap frozen in liquid nitrogen and stored at Ϫ80ЊC until required. nu/nu, inbred) mice were from Iffa Credo (France). Rosa 26 mice Frozen longitudinal sections (8 m-thick) were cut with a Cryostat (Friedrich and Soriano, 1991) were from the Jackson laboratory and (Leica), whose cutting chamber temperature was set at Ϫ30ЊC. bred in our animal facility. 
X-Gal Staining
